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(54) Inverter circuit for lighting a cold-cathode tube by the use of a piezoelectric transformer 



(57) In an inverter circuit including a piezoelectric 
transformer (1 7) for supplying a voltage signal to a cold- 
cathode tube (50), a driver (12) for driving the piezoe- 
lectric transformer, a voltage-controlled oscillator (11) 
for producing an oscillation pulse voltage signal having 
an oscillation frequency controlled by a control voltage, 
a phase difference detection circuit (15) for detecting as 
a detected phase difference a phase difference 
between input and output voltage signals of the piezoe- 
lectric transformer, and a control circuit (16) for produc- 
ing the control voltage so that the detected phase 
difference is coincident with a predetermined value, a 



current detection circuit (21) detects as a detected cur- 
rent value a current which flows through the cold-cath- 
ode tube. Supplied with the oscillation pulse voltage 
signal and the detected current value, a power control 
section (22) controls an electric power of the oscillation 
pulse voltage signal so that the detected current value 
has a preselected value. The power control section pro- 
duces a power-controlled pulse voltage signal and sup- 
plies the power-controlled pulse voltage signal to the 
driver. 



22 POWER 
\ CONTROL 
: SECTION 



25 



12 



10" INVERTER 
OCT 



-~T > ~" f= , 







PIEZO- 


TRANSFORMER 




ELECTRIC 


DRIVER 




TRANS- 








FORMER 



50 




FIG. 4 



Primed by Rank Xerox (UK) Business Services 
2.14.8/3.4 



1 



EP 0 782 374 A1 



2 



Description 

Background of the Invention: 

This invention relates to an inverter circuit supplied 
with a DC supply voltage for lighting a cold-cathode tube 
and, in particular, to an inverter circuit for lighting a cold- 
cathode tube by the use of a piezoelectric transformer. 

A conventional inverter circuit of the type is dis- 
closed in Japanese Unexamined Patent Publication (A) 
No. 149850/1996 and will later be described in detail in 
the present specification. The inverter circuit is, for 
example, is used in lighting a backlight of a notebook- 
type personal computer. In this case, a DC supply volt- 
age supplied to the inverter circuit is susceptible to fluc- 
tuation in level because the DC supply voltage is 
supplied from either an adapter or a battery. In the 
inverter circuit, such fluctuation of the DC supply volt- 
age brings about variation of a cold-cathode tube cur- 
rent which flows through a cold-cathode tube. This 
inevitably results in variation of the luminance of the 
cold-cathode tube. 

For this purpose, the variation of the luminance of 
the cold-cathode tube resulting from the fluctuation of 
the DC supply voltage can be suppressed by using a 
method which will also later be described. According to 
the method, the piezoelectric transformer is, however, 
decreased in efficiency. 

Summary of the Invention: 

It is therefore an object of this invention to provide 
an inverter circuit for lighting a cold-cathode tube by the 
use of a piezoelectric transformer, which circuit is capa- 
ble of suppressing variation in luminance of the cold- 
cathode tube resulting from fluctuation of a DC supply 
voltage without decreasing the efficiency of the piezoe- 
lectric transformer. 

Other objects of this invention will become clear as 
the description proceeds. 

An inverter circuit to which this invention is applica- 
ble is supplied with a DC supply voltage for lighting a 
cold-cathode tube. The inverter circuit includes: a piezo- 
electric transformer responsive to a transformer input 
voltage signal for producing a transformer output volt- 
age signal and for supplying the transformer output volt- 
age signal to the cold-cathode tube to thereby light the 
cold-cathode tube; a transformer driver responsive to a 
driver input pulse voltage signal for producing a trans- 
former drive voltage signal for use in driving the piezoe- 
lectric transformer, the transformer driver delivering the 
transformer drive voltage signal to the piezoelectric 
transformer as the transformer input voltage signal; a 
voltage-controlled oscillator supplied with a control volt- 
age for producing an oscillation pulse voltage signal 
having an oscillation frequency controlled by the control 
voltage; pulse voltage supply means for supplying the 
oscillation pulse voltage signal to the transformer driver 
as the driver input pulse voltage signal, a phase differ- 



ence detection circuit for detecting as a detected phase 
difference a phase difference between the transformer 
input voltage signal and the transformer output voltage 
signal; and a control circuit for producing the control 

5 voltage so that the detected phase difference is coinci- 
dent with a predetermined value. 

According to this invention, the inverter circuit com- 
prises a cold-cathode tube current detection circuit for 
detecting as a detected current value a cold-cathode 

10 tube current which flows through the cold-cathode tube. 
The pulse voltage supply means comprises a power 
control section supplied with the oscillation pulse volt- 
age signal and the detected current value for controlling 
an electric power of the oscillation pulse voltage signal 

15 so that the detected current value has a preselected 
value. The power control section produces a power- 
controlled pulse voltage signal as the driver input pulse 
voltage signal. 

Preferably, the power control section comprises: an 

20 integrating circuit for integrating the oscillation pulse 
voltage signal to produce an integrated voltage signal; 
and a pulse width control circuit responsive to the inte- 
grated voltage signal and to the detected current value 
for producing as the power-controlled pulse voltage sig- 

25 nal a sequence of pulses, each having a pulse ampli- 
tude equal to the DC supply voltage and a pulse width 
controlled so that the detected current value has the 
preselected value. 

The power-control section may comprise means for 

30 varying the preselected value in a predetermined cur- 
rent range. Alternatively, the pulse width control circuit 
may comprise means for varying the preselected value 
in the predetermined current range. 

35 Brief Description Qf the Drawing; 

Fig. 1 is a block diagram of a conventional inverter 
circuit; 

Figs. 2A and 2B are views for use in describing 
40 operation of the conventional inverter circuit and of 
an inverter circuit of this invention; 
Fig. 3 is a view for use in describing operation of the 
inverter circuit in Fig. 1 ; 

Rg. 4 is block diagram of an inverter circuit accord- 
45 ing to an embodiment of this invention; 

Rg. 5 is a view for use in describing operation of the 
inverter circuit illustrated in Fig. 4; 
Rg. 6 is another view for use in describing opera- 
tion of the inverter circuit illustrated in Fig. 4; 
so Rg. 7 is still another view for use in describing oper- 
ation of the inverter circuit illustrated in Fig. 4; and 
Rg. 8 is yet another view for use in describing oper- 
ation of the inverter circuit illustrated in Fig. 4. 

55 Description of the Preferred Embodiment: 

Referring to Fig. 1 , a conventional inverter circuit 10 
will first be described for a better understanding of this 
invention. The inverter circuit 10 is disclosed in the 
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above-mentioned Japanese Unexamined Patent Publi- 
cation No. 149850/1996. The inverter circuit 10 is sup- 
plied with a DC supply voltage 8 for lighting a cold- 
cathode tube 50. 

The inverter circuit 10 comprises a piezoelectric 
transformer 17 having first and second input terminals 
and an output terminal. The second input terminal is 
connected to ground and the output terminal is con- 
nected to the cold-cathode tube 50. The first input termi- 
nal is supplied with a transformer input voltage signal. 
Responsive to the transformer input voltage signal, the 
piezoelectric transformer 17 produces a transformer 
output voltage signal. The piezoelectric transformer 17 
supplies the transformer output voltage signal to the 
cold-cathode tube 50 to thereby light the cold-cathode 
tube 50. 

Responsive to a driver input pulse voltage signal, a 
transformer driver 12 produces a transformer drive volt- 
age signal for use in driving the piezoelectric trans- 
former 17. The transformer driver 12 delivers the 
transformer drive voltage signal to the piezoelectric 
transformer 17 as the transformer input voltage signal. 
Supplied with a control voltage, a voltage-controlled 
oscillator 1 1 produces an oscillation pulse voltage sig- 
nal having an oscillation frequency controlled by the 
control voltage. A pulse voltage supply line 19 supplies 
the oscillation pulse voltage signal to the transformer 
driver 12 as the driver input pulse voltage signal. 

A phase difference detection circuit 15 detects as a 
detected phase difference a phase difference between 
the transformer input voltage signal and the transformer 
output voltage signal. A control circuit 16 produces the 
control voltage so that the detected phase difference is 
coincident with a predetermined value (which is equal to 
90° in the manner which will later be described). 

The cold-cathode tube 50 has a characteristic 
which will presently be described. Specifically, after the 
DC supply voltage 8 is supplied to the inverter circuit 10, 
substantially no electric current flows through the cold- 
cathode tube 50 until the cold-cathode tube 50 starts a 
discharge operation. When the discharge operation is 
started and the cold-cathode tube 50 is lit, an electric 
current of the order between 5mA and 10mA flows 
through the cold-cathode tube 50 such that a voltage 
between both ends of the cold-cathode tube 50 is low- 
ered. Thus, upon lighting the cold-cathode tube 50, it is 
required to produce a high voltage as a lighting voltage 
before the cold-cathode tube 50 is lit and to lower the 
lighting voltage once it is lit 

In the meanwhile, the piezoelectric transformer 17 
has a load characteristic (a frequency characteristic of 
an output voltage of the piezoelectric transformer 17) 
which will presently be described. As illustrated in Fig. 
2A, when a load is small, a high voltage output is 
obtained at a resonant frequency fr1 as depicted by a 
curve 21 1 in the figure. When the load is increased, the 
resonant frequency is lowered to fr2 as depicted by a 
curve 221 and the maximum output is reduced. Thus, 
the piezoelectric transformer 17 is suitable for use in 



lighting the cold-cathode tube 50. 

In Figs. 1 , 2A, and 2B, it is assumed that the volt- 
age-controlled oscillator 1 1 produces the oscillation sig- 
nal having an oscillation frequency fr1. In this event, the 

5 transformer drive voltage signal is supplied from the 
transformer driver 12 to the piezoelectric transformer 1 7 
as the transformer input voltage signal. The piezoelec- 
tric transformer 17 thereby produces the transformer 
Output voltage signal of a high voltage. At this time, the 

10 phase difference detection circuit 1 5 is already supplied 
with a waveform advancing in phase by 90° (advance- 
ment in phase by 90° being represented as "-90° M ) from 
that of the transformer input voltage signal supplied to 
the piezoelectric transformer 17 (namely, a waveform of 

15 the transformer output voltage signal detected by an 
output detection voltage-dividing resistor 18). In this 
event, the phase difference detection circuit 15 detects 
a phase difference of 90° . Accordingly, the control cir- 
cuit 16 keeps the oscillation frequency of the voltage- 

20 controlled oscillator 1 1 unchanged. 

Next, after the cold-cathode tube 50 is lit, the load is 
increased and a resonance point of the piezoelectric 
transformer 17 is shifted to fr2. At this time, the phase 
difference detection circuit 15 is supplied with a wave- 

25 form of the transformer output voltage signal further 
advancing in phase by more than 90° from that of the 
transformer input voltage signal. Therefore, the phase 
difference detection circuit 15 detects a value greater 
than 90° as the detected phase difference. In response 

30 to the detected phase difference, the control circuit 16 
produces the control voltage to lower the oscillation fre- 
quency of the voltage-controlled oscillator 1 1 so that the 
phase difference becomes equal to 90° . Thus, the 
oscillation frequency of the voltage-controlled oscillator 

35 1 1 is shifted to fr2. 

When the above-mentioned inverter circuit 10 is 
used in lighting, for example, a backlight of a notebook- 
type personal computer, the DC supply voltage 8 
applied to the inverter circuit 10 is susceptible to fluctu- 

40 ation in level because it is supplied via an adapter or a 
battery. As described in the preamble of the present 
specification, such fluctuation of the DC supply voltage 
8 brings about variation of a cold-cathode tube current 
flowing through the cold-cathode tube 50. This inevita- 

45 bly results in variation of the luminance of the cold-cath- 
ode tube 50. Specifically, when the DC supply voltage 8 
becomes high, the cold-cathode tube current flowing 
through the cold-cathode tube 50 is increased so that 
the luminance of the cold-cathode tube 50 becomes too 

so great. In other words, the cold-cathode tube 50 
becomes too bright. 

In view of the above, as depicted at a virtual line in 
Fig. 1 , the oold-cathode tube current may be fed back to 
the control circuit 16 to shift the oscillation frequency fr 

55 from the resonant frequency of the piezoelectric trans- 
former 17 in response to the variation of the cold-cath- 
ode tube current in the manner shown in Fig. 3 (which 
shows a frequency versus output voltage characteristic 
of the piezoelectric transformer 17 and a frequency ver- 
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sus efficiency characteristic of the piezoelectric trans- 
former 17). Thus, the voltage (the output voltage of the 
piezoelectric transformer 17) applied to the cold-cath- 
ode tube 50 is controlled to keep the cold-cathode tube 
current constant. In this method, an efficiency ti of the 5 
piezoelectric transformer 1 7 is, however, decreased by 
shifting the oscillation frequency from the resonant fre- 
quency as shown in Fig. 3. 

Referring to Fig. 4, an inverter circuit 10' according 
to an embodiment of this invention comprises similar jo 
parts designated by like reference numerals. The 
inverter circuit 10' further comprises a cold-cathode 
tube current detection circuit 21 for detecting as a 
detected current value a cold-cathode tube current 
which flows through the cold-cathode tube 50. Instead is 
of the pulse voltage supply line 19 (Fig. 1), the inverter 
circuit 10' comprises a power control section 22. Sup- 
plied with the oscillation pulse voltage signal of the volt- 
age-controlled oscillator 11 and with the detected 
current value, the power control section 22 controls an 20 
electric power of the oscillation pulse voltage signal so 
that the detected current value has a preselected value 
and produces a power-controlled pulse voltage signal 
as the driver input pulse voltage signal of the trans- 
former driver 1 2. The transformer driver 1 2 is typically a 25 
variable-power amplifier circuit 

More specifically, the power control section 22 com- 
prises an integrating circuit 23 and a pulse width control 
circuit 24. 

Referring to Fig. 5 in addition to Fig. 4, the integrat- 30 
ing circuit 23 is, for example, an RC integrating circuit 
and integrates the oscillation pulse voltage signal (31 in 
Fig. 5) of the voltage-controlled oscillator 1 1 to produce 
an integrated voltage signal (32 in Fig. 5). 

After the cold-cathode tube 50 is lit, the cold-cath- 35 
ode tube current detection circuit 21 detects as the 
detected current value a low current value depicted at 

33 in Fig. 5 during a normal state in which the DC sup- 
ply voltage 8 has a prescribed value. When the DC sup- 
ply voltage 8 becomes higher than the prescribed value, 40 
the cold-cathode tube detection circuit 21 detects as the 
detected current value a high current value depicted at 

34 in Fig. 5. 

Referring to Figs. 4 and 6, the pulse width control 
circuit 24 compares the integrated voltage signal 32 and 45 
the detected current value (low current value) 33 during 
the normal state in which the DC supply voltage 8 has 
the prescribed value. The pulse width control circuit 24 
thereby produces as the power-controlled pulse voltage 
signal a sequence 35 of pulses, each of which has a so 
pulse amplitude equal to the DC supply voltage 8 and a 
wide pulse width determined by the detected current 
value (low current value) 33. 

Referring to Figs. 4 and 7, the pulse width control 
circuit 24 compares, when the DC supply voltage 8 ss 
becomes higher than the prescribed value, the inte- 
grated voltage signal 32 and the detected current value 
(high current value) 34 and produces as the power-con- 
trolled pulse voltage signal another sequence 36 of 



pulses, each of which has another pulse amplitude 
equal to the DC supply voltage 8 and a narrow pulse 
width determined by the detected current value (high 
current value) 34. 

Referring to Figs. 4 and 8, during the normal state 
in which the DC supply voltage 8 has the prescribed 
value, the transformer driver (variable-power amplifier 
circuit) 12 produces, in response to the sequence 35 
(Fig. 6) of pulses, the transformer drive signal having a 
wide pulse width and a high electric power as depicted 
along a lower row in Fig. 8. On the other hand, when the 
DC supply voltage 8 becomes higher than the pre- 
scribed value, the transformer driver (variable-power 
amplifier circuit) 12 produces, in response to the 
sequence 36 (Fig. 7) of pulses, the transformer drive 
signal having a narrow pulse width and a low electric 
power as depicted along an upper low in Fig. 8. As a 
result, an output of the piezoelectric transformer 17 
becomes small so that the cold-cathode tube current of 
an appropriate current value flows through the cold- 
cathode tube 50 to keep the luminance of the cold-cath- 
ode tube 50 constant. 

Thus, in response to the integrated voltage signal 
and to the detected current value, the pulse width con- 
trol circuit 24 produces, as the power-controlled pulse 
voltage signal, a sequence of pulses, each having a 
pulse amplitude equal to the DC supply voltage 8 and a 
pulse width controlled so that the detected current value 
has the preselected value (the value of the cold-cathode 
tube current during the normal state in which the DC 
supply voltage 8 has the prescribed value, as shown at 
33 in Fig. 5). Specifically, the pulse width control circuit 
24 produces the sequence of pulses, each having a 
greater pulse amplitude and a narrower pulse width as 
the DC supply voltage 8 becomes higher. 

When the DC supply voltage 8 is lowered, an input 
power of the piezoelectric transformer 1 7 is controlled in 
the similar manner. In this embodiment, the preselected 
value of the cold-cathode tube current of the cold-cath- 
ode tube 50 is determined in correspondence to a mini- 
mum point in fluctuation of the supply voltage possibly 
caused during the normal state. Accordingly, the input 
power is controlled when the DC supply voltage 8 is 
increased. 

In Fig. 4, the pulse width control circuit 24 com- 
prises an external variable resistor 25 capable of vary- 
ing the preselected value (the value of cold-cathode 
tube current during the normal state in which the DC 
supply voltage 8 has the prescribed value, as shown at 
33 in Fig. 5) in a predetermined current range. By con- 
trolling a resistance value of the external variable resis- 
tor 25, it is possible to vary the value of the cold-cathode 
tube current during the normal state in which the DC 
supply voltage 8 has the prescribed value and to 
thereby control the luminance of the cold-cathode tube. 

As described above, according to this invention, the 
inverter circuit for lighting a cold-cathode tube by the 
use of the piezoelectric transformer is capable of sup- 
pressing fluctuation in luminance of the cold-cathode 
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tube resulting from the variation of the DC supply volt- 
age without decreasing the efficiency of the piezoelec- 
tric transformer. 

Claims s 

1. An inverter circuit supplied with a DC supply volt- 
age for lighting a cold-cathode tube, said inverter 
circuit including: a piezoelectric transformer 
responsive to a transformer input voltage signal for w 
producing a transformer output voltage signal and 
for supplying said transformer output voltage signal 
to said cold-cathode tube to thereby light said cold- 
cathode tube; a transformer driver responsive to a 
driver input pulse voltage signal for producing a 75 
transformer drive voltage signal for use in driving 
said piezoelectric transformer, said transformer 
driver delivering said transformer drive voltage sig- 
nal to said piezoelectric transformer as said trans- 
former input voltage signal; a voltage-controlled 20 
oscillator supplied with a control voltage for produc- 
ing an oscillation pulse voltage signal having an 
oscillation frequency controlled by said control volt- 
age; pulse voltage supply means for supplying said 
oscillation pulse voltage signal to said transformer 25 
driver as said driver input pulse voltage signal, a 
phase difference detection circuit for detecting as a 
detected phase difference a phase difference 
between said transformer input voltage signal and 
said transformer output voltage signal; and a con- 30 
trol circuit for producing said control voltage so that 
said detected phase difference is coincident with a 
predetermined value; wherein: 

said inverter circuit comprises a cold-cath- 
ode tube current detection circuit for detecting as a 35 
detected current value a cold-cathode tube current 
which flows through said cold-cathode tube; 

said pulse voltage supply means comprising 
a power control section supplied with said oscilla- 
tion pulse voltage signal and said detected current ao 
value for controlling an electric power of said oscil- 
lation pulse voltage signal so that said detected cur- 
rent value has a preselected value, said power 
control section producing a power-controlled pulse 
voltage signal as said driver input pulse voltage sig- 45 
nal. 



pulse voltage signal a sequence of pulses, each 
having a pulse amplitude equal to said DC supply 
voltage and a pulse width controlled so that said 
detected current value has said preselected value. 

An inverter circuit as claimed in claim 3, wherein 
said pulse width control circuit comprises means for 
varying said preselected value in a predetermined 
current range. 



2. An inverter circuit as claimed in claim 1or 2, 
wherein said power-control section comprises 
means for varying said preselected value in a pre- so 
determined current range. 



3. An inverter circuit as claimed in claim 1, wherein 
said power control section comprises: an integrat- 
ing circuit for integrating said oscillation pulse volt- 55 
age signal to produce an integrated voltage signal; 
and a pulse width control circuit responsive to said 
integrated voltage signal and to said detected cur- 
rent value for producing as said power-controlled 



5 



EP0 782 374 A1 




6 



EP 0 782 374 A1 



FIG. 2A 




FREQUENCY 



FIG. 2B 

fr 2 frj 




FREQUENCY 



EPO 782 374 A1 




EP 0 782 374 A1 



S 



Vww ||l 



■ ULI ' ' 



I — m 
I 



00 






cn 

CM 


l*ROL 

a 




PHASE 
DIFFERENCE 
DETECTION 
CKT 


VOLT 
CONTR 
OSCILl 




o 
o 





9 



EP 0 782 374 A1 




10 



EP 0 782 374 A1 




11 



EP 0 782 374 A1 




12 



EP 0 782 374 A1 



s! p 

3 

en h 

o o 
u. £ 

LU u- 

IS 

LU 
UJ o 
CON 
< LU 

oo 
> i- 



]t 



00 

6 

IX. 




13 



EP0 782 374 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 12 0873 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int.Ct6) 



A,P 



A,P 



EP 0 665 600 A (HITACHI METALS LTD) 2 
August 1995 

* figures 1,9,17 * 

EP 0 706 306 A (NIPPON ELECTRIC CO) 10 
April 1996 

* abstract; figure 1 * 

EP 0 374 617 A (HELLA KG HUECK & CO) 27 
June 1990 

* column 12, line 38 - column 13, line 23; 
figure 3 * 

PATENT ABSTRACTS OF JAPAN 
vol. 000, no. 00000 

& JP 08 149856 A (T0KIN CORP), 7 June 
1996, 

* abstract * 



H05B41/29 



TECHNICAL FIELDS 
SEARCHED (lntCL6) 



H05B 



The present search report has been drawn up for all claims 



PI sex ef uareh 

THE HAGUE 



Dale ef cenOdkoe of the tern* 

12 March 1997 



Speiser, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-witten disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted in the application 
L : document dted for other reasons 

& : member of the same patent family, corresponding 



14 



